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Abstract 

PROBLEM TO BE SOLVED: To provide an ink jet recorder in which the ink channels at the opposite 
ends of a row can have ink ejection characteristics equivalent to the ink drop ejection characteristics at 
other channels in a row by eliminating abnormal flexure occurring frequently in the diaphragms at the 
opposite ends of a row of ink channels. 

SOLUTION: The Inkjet recorder has an Inkjet head comprising nozzles, ink channels communicating 
with the nozzles, diaphragms 5 formed at a part of the channel, oscillation chambers 9 formed 
oppositely to the channel side of the diaphragm 5, and electrodes 17 formed oppositely to the 
diaphragm 5 on the bottom face of the oscillation chamber 9 wherein the diaphragm 5 is deformed 
electrostatically by applying an electric pulse between the diaphragm 5 and the electrode 17 and an ink 
drop is ejected from the nozzle. Sets of the nozzles, channels, diaphragms 15, oscillation chambers 9, 
and electrodes 17 are arranged in rows at a constant Interval in the Ink jet recorder and dummy sets of 
nozzles 4a, channels, diaphragms, oscillation chambers, and electrodes, noncontributive to ejection of 
ink drop, are arranged at the opposite end parts of the row. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 . * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A nozzle Ink passage which is open for free passage for this nozzle A diaphragm formed in 
this a part of passage An oscillating room formed in an opposite hand this passage side of this 
diaphragm An ink jet arm head which has an electrode which covintered this diaphragm and was formed 
in a base of this oscillating room, impresses an electric pulse between this diaphragm and this electrode, 
is made to transform this diaphragm according to electrostatic force, and carries out the regurgitation of 
the ink drop from this nozzle It is the ink jet recording device equipped with the above, and is 
characterized by arranging a group of a dimimy nozzle which does not contribute to both ends of this 
train at regurgitation of an ink drop, passage, a diaphragm, an oscillating room, and an electrode. 
[Claim 2] It is related with arrangement of a group of a nozzle of the aforementioned dummy, passage, a 
diaphragm, an oscillating room, and an electrode. An ink jet recording device according to claim 1 
characterized by arranging two or more these groups of a diunmy which is not contributed to 
regurgitation of an ink drop every to both ends of a train of this group that contributes to regurgitation of 
an ink drop. 

[Claim 3] An ink jet recording device according to claim 1 which makes the same thing each 
configuration of this group that contributes to regurgitation of an ink drop, and this group of a dunmiy 
which is not contributed to regurgitation of an ink drop of ends about arrangement of a group of passage 
of the aforementioned dummy, a diaphragm, an oscillating room, and an electrode, and is characterized 
by arranging by this group that contributes to regurgitation of an ink drop, and regular intervals. 
[Claim 4] An ink jet recording device according to claim 1 characterized by arranging about 
arrangement of a group of passage of the aforementioned dummy, a diaphragm, an oscillating room, and 
an electrode to ends of this group that contributes to regurgitation of an ink drop by this group that 
contributes this group and this group of a dummy which is not contributed to isomorphism-like 
regurgitation of a drop to ink on extension of a train of this group that contributes to every [ plurality ] 
and ink, and regular intervals. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the configuration of an ink jet 

arm head. 

[0002] 

[Description of the Prior Art] What used the suction force by static electricity for the actuator is adopted 
as an ink jet arm head, for example, the kind of ink jet arm head is indicated by JP,2-289351,A. This ink 
jet arm head has a nozzle, the ink passage which is open for free passage for a nozzle, the diaphragm 
formed in a part of passage, and the electrode which countered the diaphragm through the air gap and 
was formed, impresses an electric pulse between a diaphragm and an electrode, is made to transform a 
diaphragm according to electrostatic force, and is made to carry out the regurgitation of the ink drop 
from a nozzle. 
[0003] 

[Problem(s) to be Solved by the Invention] Although an actuator including the oscillating room which 
consists of the diaphragms and electrodes of the above-mentioned official report sticks another substrate 
in which the thin film used as a diaphragm was formed on the underside and creates it from the slot 
upside usually on a par with a gap, such as having been formed in the substrate In this way, the 
diaphragm of the both ends of the train of the made actuator Even if there is a problem that how to bend 
compared with other diaphragms of a train has a greatly different inclination and it impressed the 
electric pulse same between a diaphragm and an electrode for this bending, the regurgitation weight and 
regurgitation speed of other passage and ink differed from each other, and only the passage of both ends 
had the problem of spoiling a quality of printed character. When using adhesives for the lamination of 
the above-mentioned substrate, moreover, the oscillating room of the both ends of a train. The both ends 
of the train of the ink passage which sticks another substrate and creates it from the slot upside formed 
in the substrate like the oscillating room Since the area of an adjoining lamination part was larger than 
others, adhesives flowed from there in many cases, therefore there was a problem of spoiling the 
reliability of a quality of printed character and an arm head. 

[0004] This invention is made in order to solve such a trouble, and it also aims the regvtrgitation property 
from passage of being located in the both ends of a train at offering a reliable ink jet recording device by 
the high quality of printed character which can show the property which is not different from the 
regurgitation property from other passage. 
[0005] 

[Means for Solving the Problem] Ink passage which an ink jet recording device concerning this 
invention opens for free passage for a nozzle and a nozzle, A diaphragm formed in a part of passage, and 
passage of a diaphragm and an oscillating room formed in an opposite hand. Have an electrode which 
countered a diaphragm and was formed in a base of an oscillating room, and an electric pulse is 
impressed between a diaphragm and an electrode. With an ink jet recording device which is made to 
transform a diaphragm according to electrostatic force, and carries out the regurgitation of the ink drop 
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from a nozzle and which carries out ink jet head ** In the above-mentioned nozzle, passage, a 
diaphragm, an oscillating room, and an ink jet recording device with which a group of an electrode 
makes a train and is arranged at equal intervals, it is characterized by arranging a group of a nozzle of a 
dummy which is not contributed to both ends of the above-mentioned train at regurgitation of an ink 
drop, passage, a diaphragm, an oscillating room, and an electrode. A dummy diaphragm will inherit 
instead how to bend a diaphragm of both ends of a train of a diaphragm conventionally contributed to 
regurgitation of a drop of ink according to this invention, and it becomes possible to adopt same way of 
bending to other diaphragms contributed to regurgitation of ink at a diaphragm of both ends of a train 
contributed to regurgitation of ink. Moreover, it is solvable in order that a dummy oscillating room and 
passage may play a role of a breakwater also to a problem on which adhesives tend to flow into an 
oscillating room and passage of both ends of a train, when adhesives are used for cementation of a 
substrate. Therefore, it is with both ends of a train, and passage of other portions, a regxirgitation 
property and regurgitation speed of equal ink can be obtained now, and an Inkjet arm head excellent in a 
quality of printed character and reliability can be obtained. 

[0006] In this case, two or more groups of a nozzle of a dummy arranged to ends of a train, passage, a 
diaphragm, an oscillating room, and an electrode may be arranged every, respectively, a diaphragm of a 
re-outline of a train contributed to regurgitation of ink in this case bends, and an effect of making a 
difference of a direction smaller is done so. Moreover, since it becomes the form whose breakwater 
increases also when joining a substrate with adhesives, an effect that a possibility that adhesives will 
flow into an oscillating room and passage of a re-outline of a train which contribute to regurgitation of 
ink decreases more is done so. 

[0007] In this case moreover, each configuration of a group of dummy passage, a diaphragm, an 
oscillating room, and an electrode It is made other passage and a diaphragm which are contributed to 
regurgitation of ink, an oscillating room, and what is the same as that of each configuration of an 
electrode. A dummy group may be arranged by a group and regular intervals which contribute to 
regurgitation of ink. In this case, since conditions of stress concerning a diaphragm of a re-outline of a 
train contributed to regurgitation of ink can be close brought according to conditions of stress 
concerning other diaphragms contributed to regurgitation of ink, it bends and an effect that a difference 
of a direction can be suppressed more is done so. 

[0008] Moreover, what was made the same as the shape of dununy passage, a diaphragm, an oscillating 
room, passage that contributes each configuration of an electrode to regurgitation of ink, a diaphragm, 
an oscillating room, and isomorphism of an electrode in this case may arrange to ends of a train to a 
group and this gap which contributes at regurgitation of ink on every and extension of a train of a group 
which contributes to regurgitation of ink, a diaphragm bends in that case, and it is effective by reduction 
of the difference in a 
[0009] 

[Embodiment of the Invention] Hereafter, this invention is explained to details using 1 operation gestalt 
of this invention. 

[0010] Drawing 1 is the decomposition perspective diagram of the Inkjet arm head concerning 1 
operation gestalt of this invention, and the cross section has shown it in part. Drawing 2 is [ the 
perspective diagram after the assembly of the Inkjet arm head of the example of drawing 1 and drawing 
4 of the enlarged view of the A section of drawing 1 and drawing 3 ] the cross-section side elevations of 
the Inkjet arm head of the example of drawing 1 , and drawing 5 is the A-A cross section of drawing 4 . 
Although this example shows the example of the edge ejection type which makes an ink drop breathe 
out from the nozzle hole prepared in the edge of a substrate, the face ejection type thing which makes an 
ink drop breathe out from the nozzle hole prepsired in the upper surface section of a substrate is 
sufficient as it. The Inkjet arm head 10 of this example has a laminated structure which joined in piles 
three substrates 1, 2, and 3 with the structure explained in fiiU detail next. 

[001 1] So that the 1st middle substrate 1 may be a silicon substrate and two or more nozzle holes 4 may 
be constituted Two or more nozzle slots 1 1 formed at equal intervals in parallel with the front face of a 
substrate 1 than an end. The crevice 12 which will constitute the regurgitation room 6 which is open for 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/18/2004 



Page 3 of 6 



free passage into each nozzle slot 11, and uses a bottom wall as a diaphragm 5, It has the striation 13 for 
the ink input established in the back of a crevice 12, and the crevice 14 which will constitute the 
common ink cavity 8 for supplying ink to each regurgitation room 6. And ink input 1 3a is prepared 
behind the crevice 14, this consists of sizes smaller than the nozzle hole 4, and the function as a filter in 
which the contaminant in ink prevents entering in an arm head is also demonstrated. In addition, a 
striation 13 will constitute an orifice 7, when the 1st substrate 1 and 3rd substrate 3 are joined. 
[0012] Although dimimy nozzle hole 4a and diaphragm 5a which are mentioned later, nozzle slot 11a 
which will form regurgitation room 6a, and crevice 12a will be formed in the nozzle slot 1 1 and crevice 
12 which were formed at equal intervals, and the both ends of a striation 13 if it joins to the 2nd 
substrate 2 and 3rd substrate 3 In order that these may not have the object which lets ink pass, the thing 
equivalent to the striation 13 which opens between crevices 14 for free passage does not have. 
[0013] Moreover, although it is important, and the size of the work fimction by the material of the metal 
which are a semiconductor and an electrode makes titanium a common electrode material with bottom 
attachment, considers platinum or chromium as bottom attachment and is using gold by this example 
about grant of the common electrode 17 to the 1st substrate 1, it may not be limited to this example and 
another combination is sufficient by the property of a semiconductor and an electrode material. In 
addition, a diaphragm 5 carries out a boron dope at the 1st substrate 1, it is formed by carrying out a 
dirty stop, and the thing of thin uniform thickness is obtained. 

[0014] Moreover, as shown in drawing 2 , an oxide film 24 is formed in about 1 micrometer in thickness 
all over removing the common electrode 17 to the 1st substrate 1, and this functions as an insulating 
layer for preventing dielectric breakdown, a short circuit, etc., when a diaphragm 5 and the individual 
electrode 21 mentioned later contact at the time of actuation of an ink jet arm head. 
[001 5] HOU silicic acid system glass is used for the 2nd lower substrate 2 joined to the underside of the 
1st substrate 1, and the crevice 15 which will constitute the oscillating room 9 is established in the upper 
surface of the 2nd substrate 2. If it joins to the 1st substrate 1, the crevice 15 is arranged at the crevice 12 
and this gap so that the regurgitation room 6 and the form which coimtered may be taken on both sides 
of a diaphragm 5. 

[0016] While constituting the oscillating room 9 by joining this 2nd substrate 2 to the 1st substrate 1, the 
spatter of the gold is carried out, a golden pattem is formed in the almost same configuration as a 
diaphragm 5, and it is considering as the individual electrode 21 in each location corresponding to the 
diaphragm 5 on the 2nd substrate 2. The individual electrode 21 is equipped with the lead section 22 and 
a terminal area 23. Acid electric conduction films, such as ITO, are sufficient as materials of 21, 22, and 
23, such as these electrodes, instead of gold. 

[0017] If it joins to the 1st substrate 1, crevice 15a which forms oscillating room 9a of the dummy 
mentioned later is formed in the both ends of the train of the crevice 15 on the 2nd substrate as well as 
the crevice 12 on the 1st substrate 1. Moreover, the individual electrode 21 is formed in the base of 
crevice 15a like the base of a crevice 15. 

[0018] HOU silicic acid system glass is used for the 3rd upper substrate 3 joined to the upper surface of 
the 1st substrate 1 as well as the 2nd substrate 2. The nozzle hole 4, the regurgitation room 6, an orifice 
7, and the ink cavity 8 are constituted by cementation of this 3rd substrate 3. 

[0019] Next, anode plate cementation of the 1st substrate 1 and 2nd substrate 2 is carried out by the seal 
of approval of the temperature of 270-400 degrees C, and voltage 500-800V, and the 1st substrate 1 and 
3rd substrate 3 are joined on these conditions, and an ink jet arm head is assembled like dravsdng 3 . 
Suppose that the length between the individual electrodes 21 on a diaphragm 5 and the 2nd substrate 2 
serves as a difference of the depth of a crevice 15, and the thickness of the individual electrode 21, and 
this length is called gap length G after anode plate cementation. 

[0020] After assembling an Inkjet arm head as mentioned above, as shovra in drawing 3 or drawing 4 , 
the actuation circuit 102 is connected with wiring (FPC: flexible print circuit) 101 between the terminal 
areas 23 of the common electrode 17 and the individual electrode 21, respectively. In this example, the 
anisotropy electric conduction film is used as a cementation means of wiring 101 and electrodes 17 and 
23. Nitrogen gas is inserted in the oscillating room 9, the hermetic seal is carried out with the insulating 
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encapsulant 30, and it is closed near the terminal area 23 in this example. Ink 103 is supplied to the 
interior of the 1st substrate 1 through the ink supply pipe 33 and the ink supply container 32 attached 
outside the Inkjet head back from the ink tank which is not illustrated, and is filling the ink cavity 8 and 
the regurgitation room 6 grade with this example. And as shown in drawing 4 , at the time of actuation 
of the ink jet arm head 10, it becomes the ink drop 104 from the no2zle hole 4, and the ink of the 
regurgitation room 6 is breathed out, and is printed by the recording paper 105. 
[0021] Actuation of the Inkjet arm head 10 is performed by operating a diaphragm 5 according to the 
electrostatic force committed between two electrodes, when a voltage pulse is impressed between the 
common electrode 17 and the individual electrode 21 through wiring 101 from the actuation circuit 102. 
Since the electrostatic force generated at the flash of voltage pulse impression changes with the 
magnitude of the above-mentioned gap length G when the voltage given to inter-electrode is equal, as 
for all gap length G on the same arm head, bemg created so that it may become equal is desirable. 
[0022] The pars basilaris ossis occipitalis of the crevice made like this example as a result of creating a 
crevice 12 in the upper surface of the 1st substrate 1 serves as a diaphragm 5. When it has the structure 
which sticks the 1st substrate 1 and 2nd substrate 2 in a form by which a diaphragm 5 is arranged in the 
upper part of the crevice 15 created to the 2nd substrate 2, The diaphragm of the both ends of the train 
located in a line at equal intervals has the inclination for other diaphragms of a train to differ from how 
to be bent. Therefore, only the gap length of the both ends of a train has a greatly different value from 
the gap length of other portions of a train, and there is an inclination for the response of the diaphragm 
of the ends of a train to a voltage pulse to differ from others. The reason this phenomenon happens is 
considered as follows. 

[0023] Although the cementation part of the 1st substrate 1 and the 2nd substrate 2 turns into parts other 
than diaphragm 5 of the 1st substrate 1, and parts other than crevice 15 of the 2nd substrate 2, a 
diaphragm 5 will exist on the same field as the cementation part of the 1st substrate 1, and a diaphragm 
5 is in the condition of being easy to be influenced of the stress generated in case a substrate is j oined. 
Since the crevice 12 which will constitute a diaphragm 5 and a diaphragm 5, and the crevice 15 are 
located in a line at equal intervals, except for the both ends of a train, each condition of the stress by 
cementation concerning a diaphragm becomes almost equal. On the other hand, since the area of the 
cementation part of the direction of the outside of a train becomes large [ else ] about the both ends of a 
train, the stress concerning the diaphragm of the both ends of a train will differ from the stress 
concerning other diaphragms of a train, the diaphragm bent, and the result became the difference of the 
direction and has appeared. 

[0024] By dummy regurgitation room 6a created by crevice 15a created on crevice 12a created on the 
1st substrate 1, and the 2nd substrate 2, dummy diaphragm 5a, and dimmiy oscillating room 9a The 
diaphragm of train both ends bends, the difference of the direction can be drawn near to diaphragm 5a of 
the dummy which is not contributed to the regurgitation of an ink drop, and the regurgitation property of 
the ink drop breathed out from the nozzle of train both ends as a result can also improve it. 
[0025] Nozzle slot 11a which v^U constitute nozzle hole 4a of the dummy created on the 1st substrate 1 
Although it does not contribute to the regurgitation of an ink drop, when there is no nozzle slot 11a, 
Since it becomes impossible for air to escape from crevice 12a at the time of cementation of the 1st 
substrate 1 and the 2nd substrate 2, dummy diaphragm 5a is sagged too much, and since the diaphragm 
which adjoins through an adjoining substrate joint may be affected, it is needed. Moreover, the 
individual electrode 21 similarly formed in the base of oscillating room 9a of the dvmimy created on the 
2nd substrate 2 If there is no individual electrode 21 in this part when using anode plate cementation for 
cementation of substrates like this example although it does not contribute to the regurgitation of an ink 
drop Since the effect of diaphragm 5a which the base of diaphragm 5a and oscillating room 9a will join, 
and deformed too much may attain to the next diaphragm through an adjoining substrate joint, it is 
required. 

[0026] In this example, although they arrange only one at a time to the both ends of a train, as long as it 
is possible for dummy nozzle slot 11a, crevice 12a, and crevice 15a to arrange, they may arrange two or 
more these every. Although a diaphragm bends, every one of the both ends is extremely large as for the 
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difference of the direction, and the frequency where bending differs is so low that a regurgitation 
property is affected, the difference in bending of some may still remain also in the train of the sequence- 
of-numbers inside from ends. In order to bring close to the conditions of the diaphragm inside a train 
more to also suppress the difference in bending of this diaphragm, it is effective to arrange two or more 
dummy regurgitation room 6a, diaphragm 5a, and oscillating room 9a to the both ends of a train. 
[0027] In this example, although reference is not made about the configuration of dummy nozzle slot 
11 a, crevice 12a, and crevice 15a, these may be made into the same thing as the configuration of the 
nozzle slot 1 1, a crevice 12, and a crevice 1 5, and you may arrange in nozzle ** 1 1, a crevice 12, a 
crevice 15, and a location at equal intervals. Since the conditions of the stress concerning the diaphragm 
of the train of a re-outline contributed to the regurgitation of an ink drop also in this case can be made 
completely equivalent to the stress conditions of the diaphragm inside a train, the factor which a 
diaphragm bends and serves as a difference of the direction can be excluded, and it is effective. 
[0028] Moreover, nozzle slot 1 la of the dummy which has the same configuration as the configuration 
of the nozzle slot 1 1, a crevice 12, and a crevice 15 if additional coverage is in arrangement, Crevice 12a 
and crevice 15a may be arranged at the extension wire top said gap of the train of a nozzle slot, a crevice 
12, and a crevice 15. In this case, since the conditions of the stress concerning the diaphragm of a **** 
outline contributed to the regurgitation of an ink drop become close to the conditions of the stress 
concerning the diaphragm inside a train, they are more more effective than the above-mentioned case. 
[0029] In this example, although anode plate cementation is used for cementation of substrates, it is 
good also as cementation using adhesives. In this case, since crevice 15a formed on crevice 12a formed 
on the 1st substrate 1 or the 2nd substrate 2 becomes the breakwater of the adhesives which flow in from 
the large train both ends of a plane of composition, it will be useful to the passage of adhesives, or the 
inflow prevention to an actuator. Since it serves as a form whose breakwater increases so that there are 
many crevice 12a of this dummy and crevice 1 5 a, it is effective. 
[0030] 

[Effect of the Invention] By arranging the group of a dummy nozzle, passage, a diaphragm, an 
oscillating room, and an electrode on the nozzle which made the train and has been arranged at equal 
intervals, passage, a diaphragm, an oscillating room, and the outside of the group of an electrode 
according to this invention, as stated above The abnormalities in bending which had appeared in the 
diaphragm located in the both ends of the train which contributes to the regurgitation of an ink drop 
conventionally The diaphragm of the both ends of a train which a dummy diaphragm is made to inherit 
and is contributed to the regurgitation of ink Since it becomes possible to adopt the same way of 
bending as other diaphragms contributed to the regurgitation of ink, the high Inkjet arm head of a 
quality of printed character which has another equal regurgitation property [ be / nothing ] in a location 
can be obtained. Moreover, when adhesives are used for cementation of a substrate, in order that a 
dummy oscillating room and passage may play the role of a breakwater also to the problem on which 
adhesives tend to flow into the oscillating room and passage of both ends of a train It is solvable, 
therefore it is with the both ends of a train, and the passage of other portions, the regurgitation property 
and regurgitation speed of equal ink can be obtained now, and the Inkjet arm head excellent in a quality 
of printed character and reliability can be obtained. 

[0031] Moreover, according to this invention, since two or more groups of the nozzle of the above- 
mentioned dxmmiy, passage, a diaphragm, an oscillating room, and an electrode have been arranged 
every, respectively, the effect of becoming smaller about the difference in bending of the diaphragm of 
the re-outline of a train contributed to the regurgitation of ink can be done so, and an ink jet arm head 
with a more high quality of printed character can be obtained. Moreover, since it becomes the form 
which increases the breakwater to the flowing adhesives also when joining a substrate with adhesives, a 
possibility that adhesives will flow into the oscillating room and passage of a re-outline of a train which 
contribute to the regurgitation of ink can decrease more, and the ink jet arm head which was more 
excellent in reliability can be obtained. 

[0032] In this invention moreover, each configuration of the group of dummy passage, a diaphragm, an 
oscillating room, and an electrode Since it has arranged by the group and regular intervals which make it 
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other passage and the diaphragm which are contributed to the regurgitation of ink, an oscillating room, 
and what is the same as that of each configuration of an electrode, and contribute a dummy group to the 
regurgitation of ink. The ** sake which the conditions of the stress conceming the diaphragm of the re- 
outline of a train contributed to the regurgitation of ink can be close brought according to the conditions 
of the stress conceming other diaphragms contributed to the regurgitation of ink, and a diaphragm 
bends, and can suppress the difference of the direction more. An ink jet arm head with a more high 
quality of printed character can be obtained. 

[0033] Moreover, the passage which contributes each configuration of dummy passage, a diaphragm, an 
oscillating room, and an electrode to the regurgitation of ink in this invention. Since it has arranged to 
the ends of a train to the group and this gap which contribute at the regurgitation of ink what was made 
the same as the shape of a diaphragm, an oscillating room, and isomorphism of an electrode on every 
[ plurality ] and extension of the train of the group which contributes to the regurgitation of ink. When a 
diaphragm bends, and the difference of the direction is reduced more arid adhesives are used for 
cementation of a substrate, it can control now more flov^ng into the passage which adhesives contribute 
to the regurgitation of an ink drop, or an oscillating room, and the ink jet arm head excellent in a quality 
of printed character and reliability can be obtained. 
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* NOTICES * 

Japan Paten't 0££xce is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 




[Translation done.] 
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